ABSTRACT. Caribou is an important source of protein in the diet of northern Canadians. It is also an important pathway for airborne environmental contaminants that concentrate in the lichen → caribou → human food chain. We present a method for estimating caribou consumption that is independent of questionnaires and dietary surveys. The method is based on direct, wholebody measurements of fallout radiocesium in northern caribou consumers and on measurements of the concentrations of radiocesium in the meat. Mots clés: aliments autochtones, caribou, césium 137, césium radioactif, aliments traditionnels Traduit pour la revue Arctic par Nésida Loyer.
INTRODUCTION
Although aboriginal peoples constitute less than 3% of the Canadian population as a whole, they comprise about 50% of a population of 93 000 in the Arctic region of Canada, which includes Yukon, the Northwest Territories, Nunavut, northern Quebec, and Labrador (Statistics Canada, 1995) . These peoples belong to three major groups-the Inuit, the Dene (a grouping of North American Indian tribes), and the Métis (of partial aboriginal origin). Most of these people live in communities of 1000 or less and rely to a large extent on traditional hunting and food-gathering activities.
The study of the dietary intake of traditional or "country" foods among Canada's northern peoples is important for assessing their exposure to environmental contaminants. Arctic ecosystems are particularly vulnerable to the presence of persistent organic pollutants, trace metals, and radionuclides. Some of these contaminants originate from local activities; others are transported thousands of kilometres from industrial and agricultural sources in the south. Dietary information is also valuable for epidemiological studies on the relationship of contaminants to the incidence of disease. Furthermore, it is important for ensuring that Northerners obtain a good supply of essential nutrients. Traditional foods are also important for maintaining cultural and spiritual values among aboriginal peoples (See Indian and Northern Affairs Canada, 1997: Chapter 4) .
General methods for obtaining dietary intake information (precise weighing, dietary record, 24-hour recall, food frequency survey, harvest survey) have been summarized by Marr (1971) , Block (1982) , and Witschi (1990) . Not all of these methods are suitable for obtaining quantitative estimates of traditional food intakes. The blend of items in traditional diets may vary greatly from season to season, or even from day to day, depending on the availability of various foods. In many cases, interviews and questionnaires must be administered in aboriginal languages, whose concepts are very different from those expressed by the terminology of Western science. Furthermore, there may be certain cultural values, not apparent to Western investigators, that would lead some Northerners to overestimate or underestimate their intakes of certain food items.
The precise weighing method and the dietary record method require a high degree of literacy and motivation on the part of the subjects. They also require a significant degree of supervision and follow-up by the investigators. Such methods are best suited to small numbers of volunteers, but are not appropriate for community-wide food consumption patterns. The 24-hour recall method (Burke, 1947) has been shown to give good information on group averages. The information on individual consumption is less reliable, since a given 24-hour period may not be typical for a certain individual. This problem can be overcome to some extent by the use of multiple 24-hour recalls administered to the same person. Dietary records and food frequency surveys give useful qualitative information on patterns of food consumption but can rarely be relied upon for precise quantitative information. All methods based on recall suffer from the possibility of biases and omissions in reporting (Witschi, 1990) . Coad (1994) has compiled most of the available dietary data from the Canadian North. The available results exhibit wide variation and inconsistencies. Although 24-hour recall surveys (Szathmary et al., 1987; Kuhnlein and Kinloch, 1988; Kinloch et al., 1992) and food frequency surveys (Wein and Freeman, 1995) have been carried out in a few communities, most of the intake estimates are based on harvest surveys. In this method, the numbers of animals collected from each species in hunting and fishing activities are divided by the number of persons dependent upon the harvest to obtain a per capita estimate of consumption (Usher and Wenzel, 1987) . Harvest records are collected by a variety of government agencies and organizations, often for different purposes. Allowances must be made for food given away or sold, for meat given to dogs, for cooking losses, and for spoilage and waste. Harvest surveys have a tendency to overestimate consumption. Coad (1994) has shown that a harvest survey for Broughton Island gave consumptions about four times as high as those derived from a 24-hour recall survey.
In this paper we report a different method of obtaining consumption estimates of meat from the caribou (Rangifer tarandus), one of the most important protein sources in northern diets. The method uses radioactive 137 Cs as a tracer. The human uptake of fallout radiocesium in the North through the lichen→caribou→human food chain can be readily measured by means of a portable wholebody counter. If the concentration of 137 Cs in the caribou meat is also known, then one can estimate the amount of meat consumed. Whole body surveys of 137 Cs were carried out by Health Canada on about 3000 residents of the Canadian Arctic during the late 1960s (Bird, 1968; Tracy et al., 1997) and on 1100 residents in 1989-90 Tracy et al., 1997) .
This method has a number of advantages. It is rapid (~5 minutes per measurement) and suitable for large numbers of people. It is independent of recall bias. It can confirm data gathered by surveys and questionnaires and provides information on individual intake. The consumption estimate, the important quantity for assessing chronic exposure to environmental contaminants, is averaged over a period of several months. It is possible to obtain historical information on caribou consumption from earlier body burden measurements of radiocesium.
During the 1989-90 survey, respondents were asked to complete a food frequency questionnaire. It was subsequently found that the responses did not allow reliable quantitative estimates of caribou consumption. They did, however, give useful information on consumption of organs, methods of food preparation, and other traditional foods consumed. We report these results here as a guide to other researchers studying dietary patterns among northern Canadians.
MATERIALS AND METHODS

Derivation of Caribou Consumption from Body Burden Measurements
If the human radiocesium body burden is in equilibrium with intake, then the following relationship holds (ICRP, 1979) :
where f 1 = the fractional uptake of radiocesium by the GI tract and T 1/2 = the effective half time (days) of radiocesium in the body. Equation (1) can be rearranged to give an estimate of meat consumption: 
Body Burden Measurements
The most important term in Equation (2) is the measured body burden of radiocesium. The measurements described here were carried out in two surveys, one during 1967 -68 and the other during 1989 -90. The methodology of both surveys has been described previously (Overton and Lecuyer, 1967; Bird, 1968; Tracy et al., 1997) . In the earlier survey, a 7.5 cm × 7.5 cm NaI (Tl) scintillation detector was placed between the thighs and near the crotch of a seated subject, who was bent over the detector and almost completely surrounded it. During a five-minute counting time, the 137 Cs content of the body burden was determined from the photopeak at 661.6 keV. Calibration was carried out by comparison with 40 K, for which the human body content is well known for a person of a given height and weight. The calibration was checked against a similar American system by counting a common group of subjects in Alaska.
For the 1989 -90 survey, a second detector was added. A 7.5 cm × 7.5 cm NaI(Tl) detector was placed close to the chest in addition to a 12.5 cm × 10 cm detector close to the abdomen and thighs. For a small child, the chest detector was omitted. The counting time for the 137 Cs photopeak remained at five minutes. The system was calibrated with three water-filled phantoms (mock-ups of the human body) containing known amounts of 137 Cs (Kramer et al., 1991) . The phantoms represented an adult, a ten-year-old, and a four-year-old. Corrections were applied for the height and weight of each subject.
Participation was voluntary in the 1989-90 survey of five Arctic communities (Baker Lake, Rae-Edzo, Old Crow, Aklavik, and Fort McPherson). Advertising and word-of-mouth were used to reach as many caribou consumers as possible. As a result, approximately 30 to 40% of the residents in each community were surveyed. Although selection bias cannot be entirely ruled out, the high participation rate gives assurance that the results are a good representation of community-wide averages.
The same five communities had been surveyed in 1967-68, along with a number of other communities. Participation in the earlier survey was somewhat more variable. In many cases, the measurements were carried out in conjunction with community x-ray surveys for tuberculosis, which were done routinely at that time. In all communities, participation was sufficient to allow meaningful comparisons with the 1989-90 survey. Table 1 gives the numbers of participants in each community.
Counting statistics and the application of correction factors gave an overall uncertainty in body burden measurements of ± 20%.
Meat Concentrations of 137 Cs
This method of estimating caribou consumption is based on the assumption that caribou is the chief source of radiocesium in northern diets. In a report prepared for Health Canada, BEAK Consultants Limited (1995) concluded from measured concentrations of 137 Cs in caribou meat and reported consumption frequencies that caribou accounted for 87 to 99% of the 137 Cs intake in a traditional Arctic diet. Further evidence will be presented later to support this assumption. It will be shown that not more than 15% of the radiocesium body burden in northern residents could have come from sources other than caribou.
In the 1989 -90 surveys, the concentrations of 137 Cs in meat (muscle tissue) were measured by gamma spectroscopy in samples obtained from local hunters at the same time as the body burden measurements were carried out. Past experience has shown that the variances of radiocesium concentrations in samples taken from the same locality at the same time are quite small, and that the mean of a half dozen measured samples would agree to within 10% with the concentrations people are actually consuming in that community (Marshall and Tracy, 1989) .
The problem was more difficult for the 1967 -68 whole body survey. Measurements from caribou in Canada were not carried out at that time, but were available from 1964-66 (Marshall and Tracy, 1989) . Continuous measurements throughout the 1960s are available for caribou in Alaska (Hanson, 1982) . Although there was no fresh input of radiocesium to the atmosphere after atmospheric testing by the major powers ceased in 1962, the overall annual concentrations in caribou did not decrease significantly from 1964 to 1968. We have conservatively assumed that the radiocesium concentrations in Canadian caribou during 1967 -68 were not different from those in 1964 -66. At worst, this assumption could overestimate meat concentration, and hence underestimate consumption, by as much as 25%. It would definitely not overestimate consumption. For each community in the 1967 -68 survey, the caribou values were taken from the nearest herds or from the herds that particular community was likely to have been hunting.
The Biokinetic Parameters, f 1 and T 1/2
The biokinetic parameters, f 1 and T 1/2 , are known from the literature (ICRP, 1979; Schwartz and Dunning, 1982) and have been confirmed independently by measurements at this laboratory . We have taken the GI absorption factor, f 1 , to be 1.00, i.e., the absorption of radiocesium in the gastrointestinal tract is virtually complete. The measurements by on fecal excretion of radiocesium indicate that the uptake is greater than 98%. From Schwartz and Dunning (1982) , we have taken the effective half time of radiocesium in the human body to be 96 days for men, 65 days for women, and 33 days in children. The first two numbers compare well with the average measurements of 108 days for three adult male volunteers and 63 days for three adult female volunteers from .
Diet Survey Questionnaire
In the 1989 -90 survey, each participant was asked to complete a dietary questionnaire at the time that the body burden measurement was carried out. Interpreters were present to translate questions and record answers from aboriginal languages where appropriate. The questionnaire elicited information on consumption frequencies and amounts of caribou and other traditional foods. The respondents were asked to report caribou consumption in one of five frequency categories: (a) less than once per week, (b) once per week, (c) 2 to 3 times per week, (d) 4 to 6 times per week, or (e) daily or more often. For the purpose of analysis, these categories were assigned numerical frequency values of 0, 1, 2.5, 5, and 7 times per week, respectively. To elicit information on seasonal differences, we asked respondents to indicate the consumption frequency during (a) the current week, (b) an average week in winter, and (c) an average week in summer. Information was also obtained on consumption of caribou organs other than muscle tissue and on methods of preparing and cooking caribou meat. From a list of other traditional foods, respondents were asked whether the food item was consumed (a) once per year, (b) several times per year, or (c) weekly or more often. The list of traditional foods (Table 3) was compiled on the basis of advice provided by nutritionists from the Health Department, Government of the Northwest Territories. The list may not be exhaustive, but it includes a broad range of traditional foods known to be consumed in the various communities. in caribou meat, the numbers of males and females counted in each community, and the average and 90th percentile body burdens. Note that the average consumption had decreased by a factor of about three (range of two to four) between the 1967 -68 and 1989 -90 surveys. This decrease indicates a definite shift in caribou consumption during the 20-year period. Further insight on age and sex variations in consumption patterns for the communities of Baker Lake and RaeEdzo is given in Figure 1a -d. The graphs clearly show that the decrease in caribou consumption was more pronounced for younger adults (< 40) than for older adults. This indicates a shift away from caribou consumption by people who had reached adulthood since the late 1960s. The patterns are less clear with regard to variations between males and females. The statistics were somewhat poorer for the 1967 -68 survey; however, there were no significant differences between males and females. On the other hand, the 1989 results for adults from Baker Lake and at least the 41 to 50 age group for Rae-Edzo imply higher consumption for men than for women. If this trend proves valid, then caribou consumption had been decreasing more quickly for women than for men in the time between the two surveys. Table 1 presents caribou consumption estimates for six other communities that showed elevated body burdens during the 1967 -68 survey, but were not re-surveyed in 1989 -90. The community with the highest body burdens, Rae Lakes, showed average consumption of 200 to 300 g per day, with 90th percentile consumption of 300 to 400 g per day. Note that the three Mackenzie Valley communities of Fort Hope, Fort Norman, and Fort Franklin were grouped together. The three communities had shown very similar body burden measurements in the 1967 -68 survey (Tracy et al., 1997) .
RESULTS
Caribou Consumption Estimates from Body Burden Measurements
Frequencies of Caribou Consumption Reported from the Diet Survey Questionnaire
Because of methodological problems in describing the size of meat servings, it was not possible to derive consistent estimates of caribou consumption from the 1989 -90 FIG. 1. Caribou consumptions derived from radiocesium body burden measurements as a function of sex and age group in (a) Baker Lake, 1967; (b) Rae-Edzo, 1968; (c) Baker Lake, 1989; (d) Rae-Edzo, 1989 . The number of subjects in each age and sex group is given in parentheses above the respective bar. Errors are standard errors of the mean (σn/n 1/2 ). Note that the vertical scales are different for the earlier and later surveys. relatively consistent from winter to summer, with 3 -4 caribou meals per week. For Aklavik and Fort McPherson, where overall consumption was lower, the summer frequencies decreased to about 2 meals per week. Wein and Freeman (1995) reported a caribou consumption frequency for Old Crow of 240 times per year, or 4.6 times per week on a year-round basis. By comparison, our results for this community showed caribou was consumed 3.9 times per week during the winter and 2.8 to 3.1 times per week during the summer. To demonstrate that these reported frequencies are meaningful, Figure 2 shows the weekly caribou consumption (based on body burden measurement) versus the questionnaire responses. However, the responses did provide useful information on the frequency of consumption of caribou and other traditional foods. Table 2 summarizes the average frequency of caribou consumption reported in each of the five communities surveyed in 1989 -90. There appeared to be no significant differences betweeen the frequencies reported by males and those reported by females. For the communities of Baker Lake, Rae-Edzo, and Old Crow, where overall caribou consumption was high, the frequencies appeared reported consumption frequency for Baker Lake. The data have been fitted to a straight line given by y = 92 + 74x. The non-zero intercept on the y-axis may indicate the contribution of radiocesium from other traditional foods. The estimated consumption based on body burden measurements clearly increases with the reported frequency of consumption (correlation coefficient = 0.977; p < 0.05). This correlation supports the assumption that caribou meat is the principal contributor to radiocesium body burden, especially among heavy consumers of caribou. In the 1967 -68 survey, Bird (1968) also found that measured body burdens correlated well with the three broad categories of "frequent," "occasional," or "rare" consumers of caribou. Figure 3 shows the reported consumption of other caribou organs and tissues for the five communities surveyed in 1989 -90, Baker Lake, Rae-Edzo, Old Crow, Aklavik, and Fort McPherson. Each result is the percentage of the total number of caribou meat eaters in a community who reported consuming a particular organ or tissue at least once per year. The organs are arranged roughly in order of decreasing use.
Consumption of Other Caribou Organs besides Muscle Tissue
The tongue seemed to be favoured by almost everyone, and the heart was almost as favoured except in Rae-Edzo, where its consumption fell to 25%. It is significant that the bone marrow was eaten by over 50% of consumers in all communities, and brain, by 25 -50% of caribou eaters. These items provide some degree of fat from an animal that has only very lean muscle tissue. Only about 25% of consumers reported eating liver and kidney in Baker Lake and Rae-Edzo, but the proportion rose closer to 50% in the Mackenzie Delta communities. Information on liver and kidney consumption is important, since these organs are known to concentrate 210 Po and various trace metals such as cadmium (Indian and Northern Affairs Canada, 1997).
Very little of the caribou is wasted: some communities reported high consumption of intestines and hoofs.
Variations between communities may reflect cultural differences or merely local preferences. It is noteworthy that organ consumption was lower in Rae-Edzo than in the other communities.
Methods of Caribou Meat Preparation
It is also of interest to note the various methods of meat preparation in the five communities. Figure 4 gives the percentage of people in each community who reported using a given method at least once. The methods are arranged in order of decreasing utilization. The results show a variety of methods and no clear trend with community. Boiling is important in that it may remove a significant amount of a contaminant such as radiocesium. However, a high proportion of people reported consuming the broth, which means they would still ingest the contaminant removed from the meat by boiling. Table 3 summarizes information on the use of traditional food items, grouped as terrestrial mammals, freshwater fish, birds, and plants. (Marine mammals and marine fish were not significant items in these five inland communities.) The questionnaire did not distinguish between different species of fish. The values in Table 3 are the percentages of all questionnaire respondents who reported using the food item at least once during the year. In each community, questionnaires were administered to approximately 30 to 40% of the population and tended to focus on those people who were likely to have consumed traditional foods. In this sense, the percentages should be regarded only as a relative indication of the preferences for various food items. Some frequency information was available from the survey. Respondents were asked to indicate whether they consumed the item once per year (low), several times per year (mid), or weekly or more often (high). Figure 5 (a -c) illustrates the percentage utilizations within the groupings of mammals, fish and birds, and plants. Virtually 100% of the respondents in every community reported eating caribou. In Old Crow and Fort McPherson, over 90% of respondents reported consuming moose. However, Table 3 shows that most people consumed moose only several times per year, whereas they consumed caribou weekly or more often. Significant consumption of muskox occurred only in Baker Lake, where 37% reported consuming it (most of them only once per year). Caribou and muskox were the only mammals with significant consumption in Baker Lake. Rabbits and muskrat were popular among the other four communities, where one-half to two-thirds of people reported consumption. Beaver, porcupine, ground squirrel, and lynx were consumed less frequently. These results are comparable to those obtained by Wein and Freeman (1995) for Old Crow. They indicated caribou, moose, hare, muskrat, and porcupine as the most frequently consumed mammals and reported infrequent consumption of ground squirrel, black bear, and lynx. Their results showed ducks, geese, ptarmigan, and grouse as the most frequently consumed birds. Wein and Freeman reported (freshwater) fish consumption at 60 times per year. Their respondents ate wild berries 166 times per year.
Consumption of Other Traditional Foods
DISCUSSION
The caribou consumption estimates obtained by this method are substantially lower than those summarized by Coad (1994) for harvest survey results. For example, Murphy (1986) Kuhnlein (cited in Coad, 1994) . A recent survey of Quebec Inuit (J.N. Thompson, Foods Directorate, Health Canada, pers. comm. 1994 ) indicated a year-round caribou consumption of 42 g d -1 person -1 (both sexes). These results were generally from coastal communities that rely more on marine mammals and fish, and less on caribou, for protein. In all communities, 80% or more of respondents ate fish. Most people reported fish consumption "several times per year," but a significant number stated they ate fish "weekly or more often." For birds, half or more of the respondents in all five communities reported eating ptarmigan. Ducks and geese were most popular in the four Dene communities. Grouse were consumed less frequently. Wild berries were eaten by 75 to 90% of respondents. Wild
The results obtained from the body burden measurements tend to be somewhat lower than values obtained from recent 24-hour surveys. Possible sources of error are discussed below.
Uncertainties in the Radiocesium Concentrations in Caribou Meat
The radiocesium concentrations in meat from the 1989 -90 survey are based on measurements carried out for the same time and locality as the whole body surveys and are considered to be accurate to within ±10%. The concentrations from the 1967 -68 survey, however, could have been overestimated by as much as 25%. This means that the consumptions for this period could have been underestimated by an equal fraction. In this case, the absolute decrease in consumption from 1967 -68 to 1989 -90 would have been even greater. Furthermore, the error during the 1967 -68 survey would have been the same for all sex and age groups within a given community. Thus the shape of variation with sex and age group would not have been affected.
Radiocesium from Dietary Sources other than Caribou
If dietary sources of radiocesium other than caribou were contributing significantly to the measured body burdens, then the true caribou consumption values would be even lower than the estimated values. This would not explain why the 24-hour recall values are higher. Nonetheless, it is important to derive an upper limit on the amount of radiocesium that could have come from other sources. This can be done, for example, from diet survey information in Table 3 for the community of Rae-Edzo, which had a large enough number of respondents (185 men and 156 women) to show statistical significance, and which reported consumption of a wide variety of traditional foods. It is assumed that the amount of each item consumed by the community is proportional to the "total" column in Table 3 . This assumption will almost certainly overestimate the intake of other traditional foods compared to that of caribou, since it ignores the relative frequency of consumption (whether "low", "mid", or "high").
In caribou meat from the herd utilized by Rae-Edzo, radiocesium concentrations were 293 Bq kg -1 in 1986 -88 (Marshall and Tracy, 1989 ) and up to 2000 Bq kg -1 in 1962 -66 . Levels in moose meat during 1963 -65 varied from 15 to 230 Bq kg -1 , a factor of ten or more below that for caribou during the earlier period. The same authors reported averages of 2 Bq kg -1 for 1987 and 7 Bq kg -1 for seals in 1965. For freshwater fish, the highest values reported by Elliott et al. (1981) for 137 Cs in fish from Great Slave Lake were 0.1 to 20 Bq kg -1 for cisco and 5 to 24 Bq kg -1 for trout. (See also Lockhart et al., 1992 (1/20 that of caribou); fish -24 Bq kg -1 ; birds -1.7 Bq kg -1 ; plants -1.7 Bq kg -1 (same as for birds), then the resulting estimate of radiocesium intake would be 85% from caribou and 15% from all other sources. Thus the omission of other sources would not cause the caribou consumption to be overestimated by more than 15%.
Contribution of Caribou Organs other than Muscle Tissue or Meat
Equation 2 ignores the contribution of caribou organs other than muscle to dietary 137 Cs intake. Radiocesium tends to be more or less uniformly distributed throughout soft tissues, although some organs may contain up to 30% higher concentrations. However, the mass of muscle tissue in the caribou body far exceeds that of edible organs, so the consumption of other organs is unlikely to have had a strong influence on the amount of radiocesium consumed.
Seasonal Variability in Radiocesium Intake
Equation 1 results from the integration to infinity of a simple exponential expression with an assumed constant daily consumption. If the consumption were not constant, then the expression would still give a good estimate of the average consumption over a characteristic time T 1/2 /ln(2), i.e., over the previous three to four months. It is this average consumption that is relevant in determining chronic exposure to contaminants in the meat. According to Table 2, the respondents did not make a significant distinction between winter and summer consumption of caribou, although the survey was carried out only once during the year (late winter).
The uncertainties from the various factors can be quantified as follows: body burden measurement -20%; meat concentration -10% in 1989 -90 and 25% in 1967-68; other radiocesium sources -15%. If these errors are combined by taking the square root of the sum of their squares, one obtains an overall uncertainty of 27% in the 1989 -90 survey and 35% in the 1967 -68 survey.
CONCLUSIONS
It has been shown than measurements of radiocesium body burdens can provide accurate and reliable estimates of caribou consumption in northern communities and help to validate consumption estimates obtained from surveys and interviews. The estimates obtained by the body burden method were somewhat lower than those from 24-hour recall surveys. The differences are partially explainable from uncertainties in the radiocesium body burdens, in the meat concentrations, and in other sources of intake. In the communities surveyed, average consumption of caribou decreased by a factor of two to four between the 1967 -69 survey and the 1989 -90 survey. The decrease was more pronounced for younger adults than for older adults and possibly more for women than for men. The diet survey questionnaire provided useful information on the consumption of caribou organs, methods of meat preparation, and the consumption of other traditional foods in five Arctic communities.
